We retrospectively reviewed the charts of seven neonates and infants with severe micrognathia and upper airway obstruction who underwent mandibular distraction osteogenesis as an alternative to long-term tracheostomy at the Children's Hospital at Westmead, Sydney, from 2004 to 2007 All patients required a variety of airway interventions at an early age and had poor feeding or failure to thrive. These children had other anomalies and required many investigations and procedures and presented repeated airway challenges for the anaesthetist. The mean number of anaesthetics per child in this series was 6.7 (range 4 to 13).
Micrognathia can be an isolated problem or it can occur as part of a sequence or syndrome. The most common presentation is Pierre Robin sequence (PRS) which consists of respiratory distress, micrognathia and glossoptosis with or without a cleft palate. Many other syndromes include micrognathia such as Stickler, Goldenhar and Treacher Collins syndromes.
When neonates present with severe airway obstruction resulting from micrognathia, various methods are used to alleviate their symptoms. These are used firstly for immediate management of potentially life-threatening problems, but also to reduce the risks of developing sequelae of hypoxaemia such as cor pulmonale, malnutrition and failure to thrive.
Approaches to decrease airway obstruction include positioning the infant on their side or prone, nasopharyngeal airway (NPA), nasal continuous positive airways pressure (nCPAP), a laryngeal mask airway (LMA) and endotracheal intubation. Surgical management options include glossopexy, lip-tongue adhesion, hyoid suspension, uvulopalatoplasty, tracheostomy and more recently, mandibular distraction osteogenesis 1 .
Infants with severe micrognathia may require a tracheostomy for several years. Mandibular distraction (MD) has been increasingly used with an aim to avoid long-term tracheostomy.
PATIENTS AND METHODS
A retrospective chart review was carried out for all infants who had mandibular distraction osteogenesis for severe airway obstruction over a four-year period, commencing when this surgery was first performed in our hospital. Anaesthesia was performed by consultant paediatric anaesthetists. Patients were identified from the operating theatre database and the plastic surgery department. Charts were reviewed by both authors for demographics, comorbidities and early and perioperative airway management. Ethics committee approval was obtained. 
RESuLTS
Over a three-year period, six infants and one child were treated with mandibular distraction osteogenesis for micrognathia and airway obstruction. Their ages ranged between one and 28 months, with a mean age of 6.9 months at the time of surgery. However if the two older patients (10 and 28 months) are excluded, the mean age decreases to 2.6 months. Six of the patients had PRS and one had Goldenhar syndrome.
Five patients required positioning and nCPAP as airway support in the neonatal intensive care unit and were unable to be weaned. Case 2 had prolonged nCPAP/NPA in the neonatal intensive care unit then went home with prone positioning. Case 3 had a tracheostomy, which was inserted on the first day of life and MD was performed to allow for earlier tracheostomy decannulation. All had feeding difficulties and/or failure to thrive.
The first three patients had external distraction devices and patients 4 to 7 had intra-oral distraction devices. This occurred due to a change in surgical technique. These children often have other anomalies and require many investigations and procedures and present repeated airway challenges for the anaesthetist. There were a total of 47 anaesthetics performed with a mean of 6.7 per patient (range 4 to 13). Table 1 shows patient demographics, other anomalies, initial airway problems and all surgery performed. Table 2 presents pre-and post-distraction grading of the airway with conventional straight blade laryngoscopy. This was graded on the Cormack and Lehane classification using the best view available with or without external laryngeal manipulation 2 . The anaesthetic airway management is presented, noting techniques that were successful or unsuccessful for endotracheal intubation and also days intubated after MD.
All patients had an inhalational induction with either halothane or sevoflurane. Six patients were anaesthetised and had laryngoscopy performed; four had a grade 4 view of their larynx and two had a grade 2 view with some manipulation of the larynx externally. Induction for case 3 was via the tracheostomy.
Of the four patients who had a grade 4 view of the larynx, three went from failed attempts with conventional laryngoscopes which included the Wisconsin, Seward, Flagg and the Belscope to a fibreoptic intubation and the other required intubation using the Parsons rigid laryngoscope.
Our technique used spontaneous breathing with oxygen/halothane or sevoflurane via an Ayre's T-piece. The airway was blindly sprayed with topical lignocaine 2 mg/kg. A left NPA was then inserted and connected to the T-piece circuit. The fibreoptic intubation was then performed via the right nares with jaw thrust and tongue traction. Once nasotracheal intubation was performed, all patients received a non-depolarising muscle relaxant.
Following MD surgery, all patients were admitted to a paediatric intensive care unit and remained intubated and ventilated. There was a marked variation in the times between the distraction surgery and extubation for each case. The range was from one to 19 days (mean 8.17), excluding case 3 who had a pre-distraction tracheostomy and this remained in situ. Prolonged intubation occurred in patients having further surgery (case 1) or who failed extubation (case 5).
DISCuSSION

Severe micrognathia, airway obstruction and comorbidities -early management
Micrognathia is the term used for a hypoplastic mandible with consequent small retromandibular space. Micrognathia leads to the tongue being pushed backwards towards the soft palate and the posterior wall of the oropharynx. Obstruction of the upper airway can vary from mild respiratory distress to severe airway obstruction. Inadequate treatment could result in acute cyanotic episodes with cerebral hypoxia which may be fatal. Lesser degrees of obstruction can lead to chronic hypoxia and CO 2 retention, increased pulmonary vascular resistance, cor pulmonale and heart failure. Airway obstruction can interfere with feeding, causing choking episodes, vomiting and potential aspiration. Malnutrition and failure to thrive follow.
Significant airway obstruction due to micrognathia can be obvious from birth or within the first day of life. In the first instance, positioning of the infant on their side or prone may relieve the airway obstruction and all our patients except case 3 required this. Simple devices may be used, such as a nasopharyngeal airway, which may succeed by splinting open the airway sufficiently. Some children may be nursed in these ways until, with growth and neuromuscular development, the airway improves. A longitudinal prospective study performed by Marques et al studied 62 children with PRS from hospital admission to six months of life. They found that prone positioning or a nasopharyngeal airway was the definitive treatment in 75.8% of those with isolated PRS and 52% of those with syndromes associated with PRS 3 . If these methods do not relieve the airway obstruction, nCPAP is commonly used and this was required in four out of seven cases in our series.
Other immediate interventions may include endotracheal intubation or tracheostomy. The LMA has been used for periods up to four days in neonates who had failed intubation at birth and this is useful in an emergency to allow for a more considered approach to airway management 4, 5 .
It has been reported that micrognathia causing airway obstruction may present late. The two oldest patients in our series were admitted from home and underwent MD at 10 and 28 months of age. These children were managed at home with lateral or prone positioning and nCPAP.
Respiratory obstruction in these infants may be under-diagnosed. Wilson et al studied 11 consecutive patients born with PRS and found that of 10 with significant airway obstruction, seven presented late between 24 and 51 days even though they had been reviewed by a paediatrician or neonatologist 6 . Failure to thrive was present in six of these seven cases. In a retrospective survey of 40 infants with PRS, Heaf et al found that failure to thrive significantly correlated with the degree of airway obstruction 7 . All patients in our series had poor feeding or failure to thrive.
Surgical methods of airway management
Surgical methods include those that lift the tongue away from the posterior wall of the pharynx, such as a lip/tongue adhesion or glossopexy. This was used in case 5 with MD and attempted in case 6 but this tore after two days. Other methods include hyoid suspension and uvulopalatoplasty. All of these are less commonly used now.
Infants with severe micrognathia may require a long-term tracheostomy. This provides a reliable airway to an infant or child with severe airway obstruction but carries significant morbidity and mortality (1 to 5%) and, once in place, it may be two to four years before the trachea can be decannulated 8 . In a review by Wootten et al of 78 term infants and 49 preterm infants undergoing tracheotomy in the first year of life, they found that 75% of the term and 77% of the preterm infants experienced some operative, early, late or post-decannulation complication 9 . Alongside the physical complications are significant psychosocial implications for both child and carers, especially with speech development.
Mandibular lengthening was first considered in 1937 by Callister, using traction on the mandible with a spring which was attached to a neurosurgical brace 10 . Longmire and Sanford used similar techniques to lengthen the mandible but found that the temporomandibular joint became ankylosed 11 . More recently there have been more reports of using MD osteogenesis techniques for micrognathia in infants and children with the aim that tracheostomy can be totally avoided 1, 8, [12] [13] [14] [15] .
Distraction osteogenesis decreases or totally avoids the need for bone grafting and avoids temporomandibular joint problems. In our series, there was usually 5 mm of distraction of the mandible at the time of surgery, then on day three the mandible was distracted at 1 mm/day until it was distracted 20 to 25 mm. Six to eight weeks later the external hardware was removed. Two of the three patients with external devices required further anaesthesia for revision of the device. This was not required for the four patients with the internal distraction device. There is a surgical trend to use internal distraction devices which are now absorbable, have less scarring, require no pin site care (cf external devices) and are easier to nurse. The distraction pin can be removed at the end of distraction without anaesthesia.
A study of 17 neonates and infants distracted at 2 mm/day showed an increase of horizontal ramus length from 23.3 to 34.8 mm after surgery. The mean maxillary mandibular discrepancy was 8.28 mm before surgery and 2.2 mm after 13 . A threedimensional computed tomography study of 12 children aged one to seven years showed an increase of retro-mandibular volume of 28.2% and a mean increase of upper airway volume of 71.9% 16 . Both these studies showed significant improvement in obstructive sleep apnoea symptoms and sleep studies. Case 2 remained a grade 4 intubation after MD but had a marked improvement in a subsequent sleep study. Even in infants with severe micrognathia and pre-existing tracheostomy, MD allows for earlier decannulation 1 . Our case 3 had a tracheostomy at day one but subsequent MD had not allowed decannulation at one year postoperatively. There appears to be a surgical trend to performing this surgery in younger infants and neonates [12] [13] [14] 17 .
Distraction does carry some risks such as damage to the inferior dental nerve, injury to teeth buds and prolonged feeding difficulties. These infants may require nasogastric feeding until after distraction is complete and the mandible is stable, however Denny has reported nipple feeding in four out of five infants within 24 hours of extubation after neonatal MD 8 . Swallowing disorders with PRS have been reported as improving after mandibular distraction 18 .
Perioperative airway management
The current surgical literature provides little data on anaesthetic induction and techniques of endotracheal intubation for MD surgery. All patients in our series had inhalational inductions, initially halothane was used but this was withdrawn from the market in Australia and was replaced by sevoflurane in later patients in our series. Small amounts of supplemental propofol were given in only one out of 45 inhalational inductions in this series (2%) and one patient had propofol total intravenous anaesthesia while intubated for bronchoscopy on two occasions.
For mandibular distraction, a nasal tracheal tube is desirable as it allows better surgical access and is more secure in the postoperative period. It also allows for shortening to a NPA when the time comes for tracheal extubation, this can then be used as a supportive airway for an interim period. There are many techniques described in the literature for a difficult intubation in the infant with severe micrognathia. Many anaesthetists have their favourite laryngoscope such as a Seward, paediatric McCoy or other blades which may be more useful in micrognathia along with introducers such as a bougie 19 .
Fibreoptic intubation is commonly used for difficult intubation in children under anaesthesia. Blanco reported an 80% first pass success rate and a further 15% on the second or third attempt 20 . A size 1.5 LMA gave a reliable airway in case 7 with PRS and choanal atresia and this acted as a conduit for fibreoptic intubation advancement of an adjacent bougie. The multiple-use LMA has been reported as allowing the easier passage of larger endotracheal tubes compared with the disposable LMA 21 . It is interesting to note that two of our cases were actually grade 2 laryngoscopies under anaesthesia prior to MD but still had chronic upper airway obstruction. There was only mild improvement in grade of intubation after MD. These patients were intubated with a variety of laryngoscopes and a bougie and were less likely to require fibreoptic intubation. One of these patients developed a normal sleep study after MD.
A recent series of neonatal MDs reported seven to 10 days in the intensive care unit before extubation in the operating theatre 17 . Our two youngest patients, both one month of age, were intubated for three and 11 days -one failing extubation at day five. Three of our cases were extubated in the operating theatre and three in the intensive care unit.
These children often require further anaesthesia and surgery after MD and the improvement in mandibular size should allow for an easier intubation for subsequent anaesthesia. In our series the number of anaesthetics after MD averaged 3.3 (range 0 to 10). Five of seven cases in our series had an improved grade of intubation after MD and this persisted for any subsequent procedures. This improvement may allow earlier repair of cleft palate than would otherwise have occurred, potentially with a smoother postoperative course and subsequent better speech development and feeding. One patient had Goldenhar syndrome and this may be a more complex situation with asymmetric mandibular hypoplasia and vertebral anomalies. This child remains a grade 4 laryngoscopy and still requires fibreoptic intubation. Maxillary distraction surgery is very different from that of the mandible and these patients have been reported to be more difficult to intubate post-distraction 22, 23 due to temporalis muscle fibrosis and trismus.
Early recognition and planning for mandibular distraction osteogenesis in an infant with severe micrognathia and severe chronic upper airway obstruction is a multidisciplinary event and a viable alternative to long-term tracheostomy. Early referral to a paediatric centre with expertise allows for appropriate surgical and anaesthetic care with specific perioperative airway management.
